EXPERIMENTAL DETAILS:
1
Polyethylene terephthalate foil (PET, 0.175 mm thickness) was purchased from Goodfellow, England.
Membrane Preparation
Membranes for optical characterization were produced by dissolving 52 mg DOS, 26 mg PVC, 1.67 mg (0.024 mol kg -1 ) NaTFPB, 0.75 mg (0.02 mol kg -1 ) Sp and 3.77 mg (0.06 mol kg -1 ) Caionophore IV in 0.553 mL cyclohexanone. 7 uL of this solution were spin-coated onto 6mm x 10mm pieces of a PET foil and the solvent was evaporated under a stream of air over night in the dark. These membranes are referred to as "MOCa". Alternatively, for sodium selective membranes 63.2 mg DOS, 31.6 mg PVC, 1.8 mg (0.02 mol kg -1 ) KTFPB, 0.95 mg (0.02 mol kg -1 ) Sp and 2.5 mg (0.025 mol kg -1 ) Na-ionophore X were dissolved in 1 mL tetrahydrofuran. Again, 7 uL of the final solution were spin coated onto 6mm * 10 mm PET foils and left over night for evaporation of the remaining solvent. These membranes are referred to as "MONa".
Membranes for potentiometry were produced by dissolving 133.3 mg DOS, 66.7 mg PVC, 0.35 mg NaTFPB (0.002 mol kg -1 ), 1.91 mg Sp (0.02 mol kg -1 ) and 0.96 mg Ca-ionophore IV (0.006 mol kg -1 , all per weight PVC+DOS) in 1 mL THF. The clear solution was pipetted into a glass ring (ID 22 mm) which was fixed on a glass plate and left over night for evaporation of the solvent. From this mother membrane, discs of 8 mm diameter were cut and used for the measurements. These membranes are referred to as "MPCa".
Simultaneous Potentiometric and Optical Measurements
The design of the flow cell was based on the cell previously developed in our lab.
2 Briefly, the sample size of the membrane was reduced from 20 mm to 4 mm, which greatly improved the switching time and homogeneity of illumination. Moreover the volume of the flow chamber was reduced to 200 µL. A schematic representation of the flow cell is shown in Scheme 2. The Ag/AgCl wires were protected from the excitation light by an aluminium disk with a hole in the center in order to prevent photo processes on the electrodes. Figure S1 . Schematic drawing of a flow cell for combined optical and electrochemical characterization of photoactive compounds in polymeric or supported liquid membranes.
During the measurements, the solution in the reference chamber was kept at pH 11.5 in order to prevent protonation of Sp on this side of the membrane. The sample chamber was flushed with solutions of changing pH and calcium concentration.
The acquired electromotive force (EMF) was corrected for the change in chloride activity at the Ag/AgCl element using the following equation:
where R, T and F have their established meanings and Cl a − is the activity of the indicated species in the aqueous phase. The activity coefficients were calculated using the Debye-Hückel approximation.
DERIVING THE OPTICAL RESPONSE FUNCTION:
Assuming that the concentration of interfering ions is negligible, the optode response can be described with the following general equilibrium:
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where L represents the ionophore, HInd and Ind the concentration of protonated and deprotonated indicator, z is the charge of the ion of interest and n is the complex stoichiometry. The exchange constant for this equilibrium is given by
where values in square brackets represent the concentrations in the membrane, and 
where L T , R T and I T are the total molar concentrations of ionophore, ion-exchanger and indicator in the membrane.
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